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Lab. Project 50h6-3 Part 96

Final Report

SUMMARY

The thermal radiation characteristics of four nylon fabric assemblies
submitted by the Clothing Supply Office (Research and Development Divisions
U. S. Naval Supply Activities, Brooklyn, New York, have been evaluated. The
critical thermal energies required for destruction of thi fabric assemblies,
were determined. The critical thermal energies required to produce a 2* mild
burn to skin behind the fabric were computed from the temperature rise of an
underlying skin simulant attendant upon irradiation of the fabric assembly.

For the measurement of the critical thermal energies for cloth destruc-
tion the dynamic-exposure carbon-arc source with paraboloidal mirrors for
collimating and condensing the emitted radiation was employed. The ll-no
static-exposure carbon-arc source with an ellipsoidal mirror for collecting
and condensing the radiation was employed to determine the temperature-time
characteristics of the polyethylene skin sinulant behind the cloths. Using
the temperature history measurements, the critical energies, corresponding
to a 2. mild burn underneath the fabric assemblies were calculated.
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ADMINISTRATIVE INFORMATION

1. This investigation is part of the general Thermal Radiation program,
proposed by Commander, New York Naval Shipyard confidential letter S99/L5,
Serial 960-92, of 15 March 1950 and formally approved by Bureau of Ships
speedletter S99-(0)(38), Serial 38-75, of 6 Aoril 1950. The Thermal
Radiation studies at the Naval Material Laboratory are unier the supervision
of The Armed Forces Special Weapons Project. This investigation was
requested in Clothing Supply Office (Research and Development Division)letters
1Dl2-1:lg, All/NT 53.01 of 4 March 1955 and 20 July 1955.

ACknOWLEDGEMENTS

2. This investigation was planned and executed under tLe direction of
T. I. Monahan, Supervisor of the Optics Section. W. L. Derksen furnished
valual le assistance in the measurements involving the skin simulant.

INTRODUCTION

3. One of the major effect. of atomic weapons on personnel arises from
the instantaneous thermal radiatin which may cause severe burns at
relatively large distances from the center of the detonation. Studies
carried out at the University of Rochester have indicated that the production
of a so-called 2+ mild burn on uncovered porcine skin require, only 2.6 to
b.3 cal/cm2 for rectangular impulses with e;-posure times of 0.1 to 1.0 seconds.
(i)While clothing offers some protection to personnel by virtue of its
insulating prooerties, the amount of heat transferred directly or by means
of exothermic reactions by the clothing may result in. a sufficient rise in
temperature, to cause an incapacitating burn. A second degree burn in the
human, corresponding to vesiculation, is sufficiently injurious and oainful
tote considered serious, if not incapacitating and it, therefore, has been
adopted as the threshold for the production of casualties. As the energy
required to oroduce 2+ burn in pig skin (spotty whiteness or coagulation)
is comparable with that required to cause a second degree burn in humans,
the 2+ pig-burn criterion is frequently applied when estimating the number
of casualties in a given military situation.

(1) Bibliography
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h. Previous studies conducted at the Naval Material Laboratory have
indicated that variations in physical parameters (absorptance, nature of
fiber material, weight of fabric) may aluer considerably the resistance of
fabrics to intense thermal radiation. (2) In adlition to these parameters,
which aflect the damage to the cloths directly, ohysiological burns behind
clothing are influenced Uy- other phyrical factors, such as the thermal and
optical constants of' the skin and the transmittance and porosity of the
fabrics. Recently laboratory methods for evaluating ohysiological burns
behind fabrics, employing a plastic skin simulant, have been developed at the
Naval Material Laboratory; the temperature history of the skin simulant
behind an irradiated fabric system is measured and is interpreted in terms
of the corresponding physiological burn, using methods developed at the
Laboratory.

5. The Bureau of Supplies and Accounts, Department of the Navy, has
assigned to the Clothing Eupply Office (Research and Development Division))
U. S. Naval Supply Activities, Brooklyn, New York, the resoonsibility for
the development of garments designed to minimize the effects of the thermal
radiation of nuclear weapons. In conjunction with this orogram, the
Clothing Supply Office requested the Naval Material Laboratory to evaluate
the thermal radiation characteristics of a group of four nylon fabric assemblies.
The present report deals with the evaluation of these fabrics.

APPARATUS AND METHODS EMPLOYED

FAHIIC AFSEMBLTiS TNVESTIGATED

6. For this evaluation, the Clothing Suonly Office submitted four nylon
fabric assemblies. The last two, designated as No. l4 and No. 15, consist
of fabrics of the A-2 and A-1 cold weather uniforms of the Navy. The
first assembly (No. lOb) consists of 3.5 os. nylon twill, single coated
neoprene, over knitted, 9.5 oz., nylon fleece and the second (No. lOb-l)
the same two fabrics over waffle-knit cotton underwear.

CRITICAL THERMAL L.RGIh5S

7. The 11-mm dynamic-expo. ure carbon-arc source which utilizes two paraboloidal
mirrors for collimating and condensing the emergent radiation was employed for
the determination of the critical thermal energies of the fabric assemblies.
The exposure times varied from 0.3 to 0.6 seconds for radiant exposures up to
53 cal cm2 and from 0.6 to 1.2 seconds for radiant exposures ranging from 53 to 106
cal/cm2 . The distribution of irradiance with time is essentially Gaussiogwith
time of maximum of irradiance approximately one-half the total exposure time.
The maximum intensity of the source is 85 cal/cm2 eec which is reduced by means of
attenuating screens. The specimens were exposed to increasing amounts of thermal
radiation until the first visual damage to the cloth surfaces was observed;
the exposures were continued until at least the first fabric layer was completely
destroyed, either during irradiance or as a result of afterflame.

(2) Bibliography
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TRANSFER OF HIAT THROUG3H CLOTHING

8. For determining the heat transfer through the clothing layers, specimens
of the nylon fabric assemblies, 1.5 x 1.5 inches, were fastened on metal
holders having a central, square aperture, 1-1/8 inches wide, mounted firmly, but
Wit h net trnqon; over the polyethylene skin simulant. To measure the tempera-
ture rise of the Ekin simulant, a thermocouple of No. 30 iron-constantan wire is
imbedded in the center of this block at a deoth of 0.023 cm. The temperature rise
is indicated by a recording potentiometer. Tn the source emoloyed for these
measurements the carbon arc is mounted at the primary focus of an ellipsoidal
mirror and fabric soecimens are mounted at the secondary focus. The exposure
time is controlled ly a knife-bladed shutter mechanism, solenoid activated and
energized by an electronic timer. The source irradiance is varied. by means of
attenuatinp screens.

9. The absorptance-corrected polyethylene skin simulant (4) was placed in
contact with the various fabric sy. tems, but with no pressure a-olied, and
the combination was irradiated at an irradiance level of 10 cal/cm 2 sec. The
temperature histories olb.ained as a result of the irradiation of the cloth
wec-e analyzed by the methods outlined in the Naval erial Laboratory report on
the development of the polyethylene skin simulant; b the radiant exposure to
cause a 2+ mild burn was computed.

RESULTS

CRITICAL RADIANT EXPOSURES

10. The critical radiant exposures of the nylon fabric systems are given
in Table 1. The significant data are summarized as follows:

a. Tnitial Effects. The three assemblies with an outer layer of
nylon twill, designated as lOb, lOb-l and 15, showed initial damagep
consisting of melting, after exposures of 5.6, 6.7 and 8.5 cal/cm ,
respectively. The outer cotton layer of the fourth assembly, (No. 1L)
was charred at a radiant exposure of 11 cal/cm2 .

b. Destruction of First Layer. The destruction of the outer layer of
the cotton fabric in the A-2 cold weather combination, coincided
ith destruction of the second layer of this assembly and occurred

at a radiant exposure of 18 cal/cm2 . The destruction of the outer-
layers of assemblies lob, iOb-1 and 15 occurred at 12, l, and 18
cal/cm 2 respectively.

c. Flaming During txposure. The three assemblies with nylon outer-
layers (IO, lOb-l, 15) flamed during exposure to aporoximately 55 cal/cm2.

(3)(h) Biblography
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d. Destruction of Nylon Fleece. The nylon flecce, forming the second layer
with nylon surface layers, 15, lob and lOb-i, melted through at 68&
75, and 8 cal/cm2 rerpec',ively.

e. Additional LayerE. The third layer of the A-I cold weather combination
was destroyed after exposure to 83 cal/cm2 . The cotton waffle knit underwear,
forming the innermost layer of the two cold-weather combinations, remained
undamaed, even when irradiated by a radiant exposure of 106 cal/cm2 .

'rtANSFER 8F~ WEATNh OUH CLOTHINMG

11. The radiant exposures required to oroduce a 2+ mild burn under the fabric
assemblies, are listed in Table 2. Jelails of the results are discussed below.

a. Two-layer Assenbl . The temperature histories measured under the
only two-layer nylon assembly investigaed (lOb) indicate that a
2+ mild burn is to be expected after a radiant exposure of 30 cal/cm 2.

b. Three-laer Assemblies. The two three-layer assemblies evaluated lOb-i
a 14, require75 a~nd56 cal/m p , rmspectively, to cause a 2+ mild burn.
The addition of the waffle-knit to the two-layer assembly above causes
an increase in the radiant exposure for a 2+ mild burn from 30 to 65
cal/cm2 . On the other hand, replacement crf the top layer, consisting
of neoprene coated nylon twill, by cotton oxford causes a reduction i1
the required radiant exposure for a 2+ mild burn from 65 to 56 cal/cmZ;
this assembly was the only one of the four investigated which sustained
afterflame.

c. Six-layer Assembly. For a radiant exposure ofli7 cal/cm? the temperature
e under the A-I cold weather combination, designated as 15, the

temperature rise was only 12eC; this rise is considerably lower than that
required to produce a 2+ mild burn under this combination of layers.

d. Hazard of Molten Nylon During the investigation of the nylon fabric
assemblies, it was observed that heated nylon fabric forms a melt
which oroduces an instantaneous and iainful burn as soon as it comes
in contact with uncovered skin. i'he molten material adheres strongly
to human skin. The relatively low critical radiant exposure renuired
for destruction of the outer nylon fabrics indicates an additional
hazard of thiE fabric, Darticularly where the cloth comes in direct
contact with the skin.

ANALYSIS

12. keview of the experimental findings indicates Lhe following trends:

a. As ccm,)ared to cotton, the nylon fabrics are more vulnerable
to effect.s of thtrial ra iation.

7
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b. As would be expecteds thermal radiation damage to skin is considerably
reduced with an increase in the number of layers of clothing. The six
layer assembly, when not destroyed, offers excellent protection against
burns resulting from thermal transfer through the layers. It should
be noted that the accuracy of ;6he data for the multilayer assemblies
is doubtful as the number of layers is increased, because of the limited
area of irradiation relative to the thickness of the assembly.

c. Because molten nylon causes severe burns on uncovered skin
and because nylon fabrics are rather easily affected by incident
thermal radiation, nylon fabrics present a particular hazard when
employed in surface layers and in contact with unprotected skin areas
(hands, face etc.)

d. Since cotton in contact wjith an underlying layer of nylon was
found to cause destruction of the nylon layer simultaneously
with its own destructions the resistance of nylon under cotton
is low.

CONCLUSIONS

13. The following conclusions may be drawn from the results of this study:

a. The amount of protection offered by a single layer of the nylon
fabrics investigated is small, since these layers show initial
effects after exposures to less than 9 cal/cm5 and destruction
after exposures to less than 18 cal/cm2 .

b. It was observed that flames develop during radiant exposures
of approximately 55 cal/cm2 on the nylon fabric assemblies*

c. The numerous layers contained in the cold wepther combinations
provide considerable protection against thermal radiation hazards.
The last layer of these assemblies, consisting of cotton waffle
knit uz derwear, remained undamaged up to a radiant exposure of 106
cal/cm . An exposure of 127 cal/cm2 did not cause a 2+ mild burn
under the A-l cold weather combination,

d. A 2+ mild burn may be expected after exposure to 30 cal/m 2 on one
of the twg layer assemblies (No. lOb). The same burn occurs after
56 cal/cma under the first three-layer. assembly (No. lh) and
after 65 cal/cm2 under the second three-layer assembly (No. lOb-l).
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e. If molten nylon, such as produced in radiation exposures, cones
in contact witi bare skin, it will produce instantaneous and
painful ourns and can oniy be removed with difLi'icult,.

Approvedt

The Director
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